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(57) Sdng ch€ dé cap dén quy trinh san xudt hop chat 3-oxo-pregnan-21,17-

carbolacton c¢6 cong thic (II), cling nhu hgp chat 3-oxo-pregn-4-en-21,17-

carbolacton c6 cong thiic (III), bing cach ti€én hanh phan ting oxy héa véi tac

nhén oxy héa khong phdi 1a kim loai d6i v6i hgp chat 17-(3-hydroxypropyl)-

3,17-dihydroxyandrostan c6 cong thitc (I). Ngoai ra, sing ché con dé cap dén

diclometan hemisolvat ctia 68,78;15p,16B-dimetylen-3-0xo0-17a-pregnan-5B-ol-

21,17-carbolacton (IV), cling nhu quy trinh san xuat drospirenon.
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Linh vye k§ thuit dwoe dé ciap

Sang ché d& cap dén quy trinh san xuét hop chét 3-oxo-pregnan-21,17-
carbolacton ciing nhu hop chit 3-oxo-pregn-4-en-21,17-carbolacton, cu thé 1a quy
trinh san xuit hop chit 3-oxo-17a-pregnan-21,17-carbolacton cling nhu hop chit 3-
- ox0-17a-pregn-4-en-21,17-carbolacton. Ngoai ra, sang ché con d& cap dén diclometan
hemisolvat cua 6p,7B;15pB,16p-dimetylen-3-oxo-17a-pregnan-5p-0l-21,17-

carbolacton.
Tinh trang ky thuit ciia sing ché

Céac vi du vé cac hop chét steroit-21,17-carbolacton ¢6 hoat tinh duoc ly 1a
eplerenon (9-a,11a-epoxy-7o-metoxycarbonyl-3-oxo-17a-pregn-4-en-21,17-
carbolacton), drospirenon (6,7f8;15p,16B-dimetylen-3-0x0-170-pregn-4-en-21,17-
carbolacton), spironolacton (7a-axylthio-3-oxo-17a-pregn-4-en-21,17-carbolacton),
canrenon  (3-oxo-17a-pregna-4,6-dien-21,17-carbolacton) va prorenon (6pB,7pB-

metylen-3-o0xo0-17a-pregna-4,6-dien-21,17-carbolacton).

Cé thé tién hanh tao ra steroit-21,17-spirolacton bing cach oxy hoéa 17-
hydroxy-17-(3-hydroxypropyl)steroit twvong ng nho cac tdc nhan oxy hoda thich hop
nhu axit cromic (xem tai liéu Sam et al., J. Med. Chem. 1995, 38, 4518-4528), pyridini
clorocromat (xem tai li¢u EP 075189), pyridini dicromat (xem c4c tai liéu Bittler et al.,
Angew. Chem. [Applied Chem.] 1982, 94, 718-719; Nickisch et al., Liebigs Ann.
Chem. 1988, 579-584), hoic kali bromat véi su ¢6 mit ciia chét xuc tac ruteni (xem tai

liéu EP 918791). So dd cho phan ung néu trén la nhu sau:
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Su tao thanh cac san phdm phu ro rang do mét sé phan tmg phu 12 diéu bét loi
trong quy trinh oxy hoa cta k¥ thuat trude day c6 st dung céc din xudt cia crom (IV),
ma do vay viéc phan lap san pham tinh khiét bi tré ngai va lam giam hiéu suit. Tré
ngai cia viéc tao san phidm phu dugc cai thién, cu thé 1a béng cach oxy hoa véi chat
xuc tac ruteni (xem tai liéu EP 918791), va nhu vay cling ting dugc hidu sut. Tuy
nhién, viéc st dung céc kim loai chuyén tiép trong san xuit cac thanh phan ¢ hoat
tinh dugc hoc, n6i chung hay kém theo nhugc diém 1a viéc tach vét kim loai ndng ludn
lam tang chi phi. Hon nita, s& c6 lugng 16n cac chit thai chira kim loai ning tén dong

trong san xuat va chi c6 thé loai bd cac chat thai nay v4i nhiéu cong strc va ton kém.
Bén chat k¥ thuit ciia sang ché

Do d6, muyc dich cta sang ché 1a xay dung dugc mot quy trinh thay thé dé san
xult cac hop chét 3-oxo-pregnan-21,17-carbolacton ciing nhu céc hop chit 3-oxo-
pregn-4-en-21,17-carbolacton tir cic hop chét 17-(3-hydroxypropyl)-3,17-dihydroxy-
androstan tuong (ng, tao ra kha nang san xuit dugc cac hop chit dich v6i hidu sudt va

db tinh khiét cao hon.

Muc dich theo sang ché nay dat dugce 1a do cac hop chit 17-(3-hydroxypropyl)-
3,17-dihydroxyandrostan c¢6 cdng thirc chung I:

trong do:

R’ 1a hydro, hydroxy;
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R® 13 hydro, cing véi R’ tao thanh lién két doi, hodc cung v6i R tao thanh
nhém -CHa;

R% 13 hydro; cung véi R tao thanh nhém -CH, hodc lién két doi;

R 1a hydro, Cialkyl, Ci4alkoxycarbonyl, Ci4thioaxyl, hodc cing véi R tao
thanh nhém -CHa.

R 1a hydro, ho#c ciing véi R® tao thanh nhém -CHa;

R’ 1a hydro, cung véi R!! tao thanh lién két d6i, hodc cing v&i R!! tao thanh
nhom epoxy —O-;

R!9 13 hydro, metyl hoic etyl;

R 1a hydro, cing véi R’ tao thanh lién két doi, hodc cing véi RY tao thanh
nhém epoxy —O-;

R 13 hydro, metyl hoic etyl;

R 14 hydro, Ci.alkyl, cing véi R tao thanh nhém -CH, hodc lién két déi; va

R 1a hydro, cung v6i R tao thanh nhém -CH, hodc lién két doi;

dugc cho phan ung véi hypoclorit hitu co hodc v6 co dong vai tro 13 tdc nhan oxy hoa,
trong sy c6 mit cua luong xdc tic cua dan Xuét 2,2,6,6-tetrametylpiperidin-N-oxit, tao

ra cac hop chit 3-oxo-pregnan-21,17-carbolacton c6 cong thue II:

Néu R’ 12 nhém hydroxy, thi cc hop chét cé cong thuc II ¢6 thé duge chuyén
hoa trong su c6 mit clia mdt axit & do pH < 5 dé loai nuéc, tao thanh cac hop chét co

cong thirc I11:



M3 ta chi tiét sang ché

Céac phan ung oxy hoa céc alcol véi tac nhan oxy hoa khéng phai 1a kim loai,
tao thanh cac cac hop chit trong tng aldehyt, xeton, axit carboxylic, lactol va lacton,
dugc d& cap mot cach tdng hop trong bai bao tdng quan cia W. Adam et al., Chem.
Rev. 2001, 101, 3499-3548. Céac phan tng oxy hoéa véi tdc nhan oxy hoa khong phai 1a
kim loai trong sy c¢6 mat cua 2,2,6,6-tetrametylpiperidin-N-oxit (TEMPO) duoc van
Bekkun et al. d& cép dén trong tai liéu Synthesis 1996, 1153-1174.

C6 thé oxy héa céc alcol bac nhit thanh aldehyt bang natri bromit (NaBrO;)
hogc biang canxi hypoclorit [Ca(OCl),] trong sy ¢6 mit clia céc din xuit TEMPO [S.
Torii et al., J. Org. Chem. 1990, 55, 462-466]. Natri hypoclorit (NaOCl) ciing c6 thé
dugc sir dung lam tac nhan oxy héa (Org. Synth. 69, 212).

Phan ng oxy hoéa céc alcol bac hai thanh xeton va dic biét 1a oxy hda céc alcol
bac nhit thanh céc axit carboxylic (hodc véi cac diol thich hgp thanh céac lacton) doi
héi c6 chét dong xtc tic (xem tai lidu P. L. Anneli et al., J. Org. Chem. 1987, 52,
2559-2562). Dugc sit dung lam chit dong xuc tac 1a bromua (thuong 1a KBr hodc
NaBr). Viéc thém cic ion bromua c6 thé 1a hitu ich ngay ca trong phan ing oxy hoa
cac alcol bac nhit thanh aldehyt (xem tai liéu P. L. Anneli et al., J. Org. Chem. 1987,
52,2559-2562).

Nguy co tao ra cac san phdm phu chira brom trong diéu kién phan ung oxy hoa
1a didu bét loi khi sir dung cac bromua lam chit ddng xuc tac. Phuong phap oxy héa
ndy ddc biét thich hgp dé oxy hoa céac alcol bic nhét thanh cac aldehyt twong ng.

Néu khong thém bromua, phéan Ung oxy hoéa dugc xic tic béi TEMPO cua céc

alcol béc hai thanh cdc xeton twong ung doi héi lugng du cao hon ctia hypoclorit [3

-5-
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dén 4 duong lugng mol Ca(OCl),, nhu vy 6 dén 8 duong luong mol OCI; (xem tai
liéu S. Tori et al., J. Org. Chem. 1990, 55, 462-466)].

Su lacton hoa oxy héa céc 1,4-diol dién ra theo nhiéu giai doan, di qua giai
doan aldehyt, ma thoat ddu tao lactol & mot giai doan trung gian; sau d6, nhom
hydroxy gia bac hai clia lactol nay can phai dugc oxy hoa tiép. Do d6, su lacton hoa
oxy hoa céc 1,4-diol doi hoi cac diéu kién con khét khe hon nita, it nhat 1a doi hoi vé
s6 duong lugng mol din xuit TEMPO (xem tai liéu J. M. Bobbitt et al., J. Org. Chem.
1991, 56, 6110-6114) hodc cac tac nhin oxy héa khac c6 lién quan véi su ting luong
chét xuc tic TEMPO (xem tai liu J. Einhorn, J. Org. Chem. 1996, 61, 7452-7454; néu
thém bromua: xem tai li¢éu S. D. Rychnopsky, J. Org. Chem. 1999, 64, 310-312; néu
c6 mit cac ion bromua dugc tao ra ngay tai chd tir tic nhan oxy hoéa natri bromit: xem
tai liéu S. Torii, J. Org. Chem. 1990, 55, 462-466). Vi vay, ddi chiéu voi k¥ thuat trudc
day thi nhan thdy diéu bit ngd 1, su lacton héa oxy hoa vong D va sy oxy héa nhom
3-hydroxy béc hai cia cac 17-(3-hydroxypropyl)-3,17-dihydroxyandrostan c6 cong
thitc chung I (tdng cong gbém ba giai doan oxy ho4) c6 thé duoc thuc hién thanh cong
cing mot lac trong cac didu kién ém diu voi sw ¢6 mit lugng dé xuc tac cla cac din
xuit TEMPO. Hon nita, thét ngac nhién 13, quy trinh theo sang ché nay c¢ thé duoc
thyc hién chi véi 1,0 dén 2,0 dwong lugng hypoclorit cho mdi giai doan oxy hod, nhu
viy tdng cong chi véi 3,0 dén 6,0 duong lugng mol hypoclorit ma hoan toan khong

thém chat dong xic tc bromua.

Quy trinh theo sang ché nay dugc thuc hién véi téng cong it nhét 3 duong
lugng mol hypoclorit ctia kim loai kiém, hypoclorit hitu co, hodc it nhét 1,5 duong
lugng mol hypoclorit ctia kim loai kiém thd, 1am tac nhén oxy hoa; t6t hon néu voi 3
dén 6 duong lugng mol hypoclorit ctia kim loai kiém, hodc 1,5 dén 3 duong luong mol
hypoclorit ctia kim loai kiém thd, dic biét tdt néu 1a véi 3 dén 4 duong lugng mol
hypoclorit ctia kim loai kiém, hodc 1,5 dén 2 duong luong mol hypoclorit cia kim loai

ki€ém tho.

Tét hon, ndng do dung dich nu6c hypoclorit trong thoi gian dién ra phan tmg

oxy héa dugc diéu chinh sao cho dat duge tir 0,8 dén 1,1 mol hypoclorit/kg.

Tét hon, néu natri hypoclorit, kali hypoclorit, canxi hypoclorit hozc tert-butyl

hypoclorit dugc str dung 1am céc tdc nhan oxy hoa.

-6-
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Céac din xuét 2,2,6,6-tetrametylpiperidin-N-oxit (cac din xuit TEMPO) dugc
str dung véi lugng dé xuc tac, do vay, t5t hon néu lugng nay 1a 1 dén 5 mol%, dic biét

t5t hon néu 1a 1 dén 1,5 mol%.

Ching han, cic din xudt TEMPO thich hop 1a 2,2,6,6-tetrametylpiperidin-N-
oxit (TEMPO), 4-metoxy-2,2,6,6-tetrametylpiperidin-N-oxit (4-MeO-TEMPO), ciing
nhu 4-benzyloxy-2,2,6,6-tetrametylpiperidin-N-oxit (4-BnO-TEMPO). Tét hon, néu
TEMPO dugc st dung theo sang ché nay, dac biét tdt hon 1 véi luong tur 1 dén 5

mol%, dic biét tot hon nita 13 1 dén 1,5 mol%.

Phén g oxy hoéa dugc tién hanh trong mdt dung mdi hitu co hoic trong hdn
hop hai pha gdm dung méi va nuéc, do do, dung méi nay duge chon sao cho ci dan

xuit TEMPO va cac hop chét ¢6 cong thire I déu c6 thé tan tét trong no.

Tét hon, néu phan tmg ndy dwoc tién hanh trong hé hai pha. Quy trinh theo

sang ché nay dugc thyc hién kha tét trong hdn hop diclometan-nuéec.

Phan tng oxy hoa d6 dugc thuc hién theo sang ché nay & nhiét do tir 0 dén
20°C, t&t hon 1a tir 10 dén 20°C.

Trong qua trinh oxy hod, d0 pH cua dung dich phan g cin phai it nhét 1a 8,0;
tot hon 1a tir 8,5 dén 10,0; dic biét tét 13 9,0 dén 9,5.

Phi hop thi ¢6 thé didu chinh do pH niy bing mot axit Bronsted thich hop,
chéng han nhu béng cac axit hitu co (vi du, axit axetic) hodc béng cac axit vo co (vi
du, HCIl, H>SO4, H3PO4) hoic béng cac mudi axit cia cac axit da hoa tri (cac mudi
bicacbonat, hydrosulfat, hydrophosphat, v.v.). Tét hon 1a st dung céac bicacbonat cia

kim loai kiém, dic biét tdt hon 1a kali bicacbonat.

Phan tmg oxy héa nay dugc dép tit bing cach thém mot tac nhan khir dé phé
huy lugng du tic nhan hypoclorit. i v&i muc dich ndy, bét cr tac nhan khtt nio c6
thé oxy héa khur tuong mg, ma ngudi ¢ hiéu biét trung binh v& linh vuc k¥ thudt nay
da biét, déu 1a thich hop. Tét hon, dung dich nudc cia hydrosulfit kim loai kiém dugc
st dung theo sang ché nay. Pac biét tdt thi sir dung natri hodc kali hydrosulfit
(NaHSOs, KHSO;3) hay dung dich nuéc cta natri hodc kali disulfit (Na2S;0s hoic
K2S,0:5).

Néu lugng du tac nhén phan ung hypoclorit & do pH < 5 trong hdn hop phan

-7-



20016

mg dugc pha huy nhu vdy ma khong thém bazo hodc dém bazo, hoic néu thém tiép
axit, thi cac hop chét 3-oxo-pregnan-21,17-carbolacton ¢6 cong thuc II (néu R’ = OH)
s& loai nuéc va, twong dwong cic hgp chét 3-oxo-pregn-4-en-21,17-carbolacton c6
cdng thire I1I dugce tao thanh trong hdn hgp phan tmg d6. Viéc thuc hién phan wng oxy
héa nay & do pH < 5 tao kha ning c6 thé san xuét cac hop chit co cong thire IIT bang

qué trinh tién hanh trong mot binh phén ng.

Néu luong du tic nhan phan ng hypoclorit trong hdn hop phan ting dugc pha
huy c6 kém theo thém bazo hodc dém bazo & do pH > 5, thi c6 thé phan 14p dugc cac
hop chét 3-oxo-pregnan-21,17-carbolacton ¢ cong thuc II. Viée thuc hién phan ung
oxy hoa nay & do pH > 5 tao kha ning c6 thé san xuét dic hiéu cac hop chit ¢ cong

thuce II.

Boi vi trong trudng hgp R® = OH, d6 tan ctia cac hop chit c¢6 cong thirc II trong
cac dung mdi hitu co thdp hon so véi cac hop chét c6 cong thirc 11, nén viéc tach dic
hiéu cac hop chit c6 cong thirc IT lam chét trung gian trong chudi phan tng dn t6i cac
hop chit c6 cong thirc IIT dem lai loi thé dic biét 1a tao kha ning tinh ché mot cach
hiéu qua hon (chang han nhu bing cach két tinh). C6 thé cho cac chat trung gian da
tinh ché nay phan ung, theo cac phuong phap da biét trong céc tai liéu chuyén mon,
vO1 mot axit thich hop (chéng han nhu véi axit sulfuric, axit clohydric, axit para-

toluensulfonic, v.v.) dé tao ra cac hop chét c6 cong thirc I1I (xem tai liéu EP 0918791).

Pé diéu chinh do pH, c6 thé su dung bét ky bazo v co hodc hitu co thich hop
nao, hodc bét ky dém thich hop hay bat ky hé dém thich hop nao. Tét hon, néu bazo
hodc dém dugc thém vao hdn hop phan tng d6 dudi dang hén hop véi tac nhan khi

hodc song song vdi tadc nhan khi.

Theo séng ché nay, tét hon thi natri phosphat (Na3POs) dugc str dung lam dém

bazo.

Vi du, c6 thé thu duoc céc hop chit 17-(3-hydroxypropyl)-3,17-dihydroxy-
androstan c6 cong thirc I khi di tir céc hop chat 3-hydroxy-17-xetoandrostan dugc thé
tuong tng bang cach gin propargyl alcol vao nguyén tir C-17 va tiép theo hydro héa
lién két ba (xem tai liéu EP 918791, EP 51143, DE 3026783) hoic theo cach dugc N.
W. Atwater trinh bay trong tai liéu J. Org. Chem. 1961, 26, 3077 va trong tai liéu US

4,069,219, hodc trong cac tai liéu dugc dan ra trong cac tai liéu trén.

-8-
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Vé phan minh, cic hop chét 3-hydroxy-17-xetoandrostan twong ung lai dugc
san xudt ra tir 3-hydroxyandrost-5-en-17-on twong tng (xem céc tai liéu EP 51143, DE
3026783).

Xir 1y & d6 pH < S
RS = OH

Xt 1y & do pH > 5

Quy trinh theo sang ché nay dic biét thich hop dé san xuét cac hop chét 3-oxo-

17a-pregnan-21,17-carbolacton c¢6 cong thirc Ila

-0-
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trong d6 cac nhom thé R dugc dinh nghia nhu sau:
R% 13 hydro, hodc cung véi R tao thanh nhém -CHa;
R [a hydro, ho#c ciing v6i R tao thanh nhém -CH, hodc lién két doi;
R 13 hydro, Ci.4alkoxycarbonyl hodc Ci.sthioaxyl;
R 14 hydro, ho#c cing véi R® tao thanh nhém -CHb;

R’ 1a hydro, cung vé6i R tao thanh lién két doi, hodc cing véi R'! tao thanh

nhém epoxy —O-;
R 1a hydro hoic metyl;

R'!" 1a hydro, cing véi R’ tao thanh lién két doi, hodc cung véi R? tao thanh

nhom epoxy —O-;
R 13 hydro, cuing v6i R' tao thanh nhém -CH, hoic lién két déi; va

R'® 1a hydro, cung véi R'* tao thanh nhém -CHa hodc lién két doi;

-10-
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boi vay, cac hop chit 17-(3-hydroxypropyl)-3,17-dihydroxyandrostan c6 cong thirc

chung Ia:

duogc st dung lam vt liéu ban dau.

Quy trinh theo sang ché dé san xuét cac hop chat ¢6 cong thuc Ila va Illa,

trong do:
Rf R72 R? R!! 1a hydro;
R va R cung vdi nhau tao thanh nhém —CHp;
R10 la metyl; va
R15 vaR!6 cung v&i nhau tao thanh nhém —CHp;

nhu viy ciing 14 dé san xuét cac hop chét IIb va IIIb, do d6, viée cac hop chit ¢co cong

thtrc Ib dugc sir dung lam vat liéu ban dau 1a dac biét thich hop.

-11-
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) 9 A H <
Xuly & d6 pH <5 - Xurly & do pH > S
"6 = OH diclorometan

Axit £ 112 CH,CI,

v

Mot khia canh khac cia sang ché 1a diclometan-hemisolvat IV kém tan, hgp
chit nay tao thanh khé bit ngd tir hop chit IIb khi quy trinh theo sang ché dugc thuc
hién trong diclometan va duogc xir ly trong méi trudong bazo, & 40 pH >5. Trong qua
trinh oxy hod, san phim kém tan nay két tia, do vay, tranh dugc dnh hudng cuia tac
nhan oxy héa ciing nhu anh hudéng clia cac phan tng tiép c6 thé xay ra, ma cac anh

huéng nay c6 thé din t6i tao thanh cac san phim phu.

-12-



20016

Diclometan-hemisolvat IV dang chi y & chd c¢6 diém néng chay gon va hing
dinh 13 121°C, trong khi hop chét IIb néng chay & nhiét do 188°C. Céc phép do nhiét
luong quét vi sai (DSC) cho thiy hop chit IV bén vimg cho t6i diém néng chay néu

trén.

Sau khi phan tng hoan thanh, thyc hién két tua hop chat IV tur dung dich phan
ting bang cach thém vao d6 dung moi khong phan cuc, tét hon néu 1a ete, dic biét tbt
1a diisopropyl ete. Cac san phim khong phan cuc tao thanh do sy oxy héa va su tach
loai, ma ching dugc tao ra ciing v&i sy oxy hod, phan 16n vin ndm & dang hoa tan
trong hdn hgp ete-diclorpmetan, gitp tao kha ning tich dwoc cuc dé hop chit IV vai
do tinh khiét cao.

Bing cach d6, da thu dwoc hop chit IV véi hiéu sut 82%. San phim thu duoc
nay khong chira qua 6% cac tap chét steroit va c6 thé khong tinh ché tiép ma van dé
cho phan tng theo cic phuong phép di biét véi mét axit thich hop dé tao ra
drospirenon IIIb (xem tai liéu EP 918791). Céach tdng hop duoc cai bién ¢ di qua
budc hop chit IV dugc phan 14p tao thém lgi thé 1a cho hiéu suét toan phan IIIb cao
hon dang ké do viéc tinh ché trong giai doan cudi cung don gian hon va c6 hiéu qua
hon. Hiéu suét toan phan cta I1Ib 12 77%, cao hon hiéu suét theo quy trinh oxy héa c6
chét xuc tdc Ru va loai nude tiép theo khodng 7%, va con cao hon nita sd voi hiéu suét
theo quy trinh thyc hién trong mot binh phan Umg nhu trinh bay trong tai liéu EP
075189, khoang 21% (xem Bang 1).

Theo cach khac, Ib ¢6 thé duoc oxy hoa thanh IIb va tiép sau dugc chuyén hoa
truc tiép thanh IIIb trong ciing mdt binh phan ting bang cach xir Iy hdn hop phéan tng

trong mdi truong axit c6 dd pH < 3.

Bang 1: So sanh hiéu suét giita quy trinh theo sang ché va quy trinh cua k¥

thuét da biét
Quy trinh Hiéu suét (% so vdi ly thuyét)
Ib — IIb IIb —IIIb | Toan phan (Ia— I1Ib)
Quy trinh theo 82
g . ) 94 77
séng ché (du6i dang IV)
Oxy hoa c6 chat xuc tac 75 94 70
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Ru theo EP 918791
Oxy héa bing CrO 3 khong dugc | khong duogc 56
theo EP 075189* phan lap phan lap

" Xem bang & trang 7 cua tai liéu EP 918791
Vi du thwe hién sang ché

Sau day, sang ché dugc dién giai mot cach chi tiét hon bang céc vi dy, tuy nhién

sang ché khong chi gidi han & céc vi du nay.

Quy trinh san xuét
Trinh tu thao tic chung 1 (TTC1): Téng hop cac hop chit c6 cong thirc 11

76,9 mmol hop chit c6 cong thirc I duge hoa tan hodc huyén phu hoa trong 135
ml diclometan. Pau tién, 0,15 g (1 mmol) TEMPO dugc thém & nhiét dd 15°C vao hén
hop tao thanh. Thém tiép vao d6 mot dung dich dugc tao thanh tir 134 g dung dich
nudce natri hypoclorit 15,25% (230,7 mmol) va 8,20 g (82 mmol) kali bicacbonat trong
114 ml nu6c, nho vay do pH duoc xac l1ap 1a 9,1. Sau khi phan tng hoan thanh, luong
du tac nhén oxy héa dugc phd huy & nhiét do 15°C bang cach thém dung dich nudce gdm
12,5 g (76,5 mmol) natri phosphat, 10,6 g (55,8 mmol) natri disulfit (Na,S;0s) va 121 ml

nudc.

San pham c6 cong thie II duge phan 1ap tir pha hitu co bang cach 1am két taa tur
dung dich phan ing nhd thém 240 ml diisopropyl ete, rdi tiép tuc khudy trong thoi
gian 3 gi¢ & nhiét d0 25°C, sau do loc tach san phém va lam kho. Theo cach khac, san
phdm da két tia mot phan trong qué trinh phan Ung tuy thudc vao do tan trong
diclometan thi c6 thé lai dugc hoa tan béng cach thém diclometan, va pha hitu co dugce
tach ra rdi lai cit loai dung moéi trong diisopropyl ete. San pham két tia trong truong

hop nay duoc loc tach kém vaoi 300 ml nuée, rdi rira va lam kho.

Trinh tu thao tac chung 2 (TTC2): Tong hop cac hop chét c6 cong thure III trong quy

trinh mot binh phan Gng

76,9 mmol hgp chit c6 cong thirc I duoc hoa tan hodc huyén phi hoa trong 135
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ml diclometan. Pau tién, 0,15 g (1 mmol) TEMPO dugc thém & nhiét do 15°C vao hdn
hop tao thanh. Thém tiép vao d6 mot dung dich dugc tao thanh tir 134 g dung dich
nudc natri hypoclorit 15,25% (230,7 mmol) va 8,20 g (82 mmol) kali bicacbonat trong
114 ml nu6c, nho vay do pH duge xac 1ap 1a 9,1. Sau khi phan Gng hoan thanh, luong
du tac nhan oxy héa dugc pha huy & nhiét 6 15°C bing cach thém dung dich nuéc

gbm 10,6 g (55,8 mmol) natri disulfit (Na2$205) trong 121 ml nude.

Do pH cua dung dich phan tng duoc dua t6i gid tri < 5 bang cach thém vao do
dung dich lodng axit sulfuric trong nudc, rdi tiép tuc khudy dung dich thu dugc & nhiét
do phong cho téi khi phan ing hoan thanh.

Viéc phan 1ap sin pham c6 cdng thirc III dwoc tién hanh tuong ty nhu phan lap
cac hop chit ¢ cong thirc II theo nhu TTC1, dén day pha hitu co da rira dén trung tinh
lai dugc cit loai dung méi trong diisopropyl ete. San phim két tia trong truong hop

nay duge loc tach, rira bang 300 ml nude rdi lam kho.

Trinh ty thao tac chung 3 (TTC3): Téng hop cac hgp chét ¢6 cong thirc I1I tir cac hop
chit c6 cong thirc II, trong d6 R’ = OH

0,1 mol hop chét ¢6 cong thirc II, ma trong d6 R’ = OH, diéu ché theo TTCI,
dugc huyén phu héa trong 65 ml tetrahydrofuran hodc dioxan va dugc axit héa t6i do
pH = 1 bang cach thém 5 ml dung dich axit sulfuric 20%. Khudy lién tuc hdn hop phan
Ung & nhiét do phong cho t6i khi phan ng loai nude xay ra hoan toan.

Tién hanh phén 1ap san phdm c6 cong thic III bing cach két tia nho thém vao
90 ml nu6c. San phim két tia duoc loc tach cing véi nudc, rira téi trung tinh rdi lam
kho.

Vidul

6p,7B;15B,16B-bDimetylen-3-oxo-17a-pregnan-5p-o0l-21,17-carbolacton-diclometan
hemisolvat (IV): |

Dya theo TTCI, 30 g (0,0769 mol) 17a-(3-hydroxypropyl)-68,78;158,16B-

dimetylen-androstan-38,58,17B-triol dugc cho tham gia phén mg. Trong qué trinh
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phan Ung, san phim 6B,78;15pB,16B-dimetylen-3-oxo-17a-pregnan-5p-ol-21,17-
carbolacton tich luy lai du6i dang diclometan hemisolvat. Sau khi pha huy hét luong
du tac nhin oxy héa va sau khi xtt Iy dé hoan thanh theo TTCI, phén 1ap dugc 27g
6B,7B;15p,16B-dimetylen-3-oxo0-17a-pregnan-5p-0l-21,17-carbolacton-diclometan

hemisolvat (0,0630 mol), v6i hiéu sudt 82% so vdi ly thuyét.
[a]p?* =-61° (¢ = 1,0; CHCl3); diém néng chay = 121°C;

"H-NMR (400 MHz, CDCl3): & = 0,52 (g, J = 5,5 Hz; 1H; 216-H [thudc cau
15,16-metylen]); 0,68-0,78 (m; 2H; 20-H [thudc cdu 6,7-metylen]); 0,89-0,97 (m; 1H,
6-H); 0,93 (s; 3H; 19-H); 0,99 (s; 3H; 18-H); 1,19-1,52 (m; 7H); 1,54-1,85 (m; 6H);
1,92 (dd; J = 3,8 va 11,8 Hz; 1H, 14-H); 2,06-2,16 (m; 1H; 22-H); 2,17-2,27 (m; 1H;
26-H); 2,32-2,69 (m; SH); 2,96 (d; J = 15,6 Hz; 1H; 46-H); 5,30 (s; 1H; CH,CHa).

BC-NMR (400 MHz, CDCl3): & = 9,97 (CHy; C-21); 11,63 (CHy; C-20); 16,74
(CH; C-15); 16,79 (CH, C-7); 17,29 (CH3; C-19); 19,83 (CHs; C-18); 21,75 (CHy; C-
11); 24,31 (CH; C-16); 24,76 (CH; C-6); 29,35 (CHz; C-23); 30,70 (CHy; C-22); 33,96
(CH; C-8); 34,47 (CHy; C-1); 36,26 (CHa; C-2); 37,31 (CHy; C-12); 40,25 (C; C-10);
41,81 (C; C-13); 47,59 (CH; C-9); 52,18 (CH; C-14); 53,44 (CH,Cly); 53,48 (CHy; C-
4); 75,57 (C; C-5); 96,24 (C; C-17); 176,63 (C; C-24); 210,56 (C; C-3).

MS (EI, 70 eV) m/e = 384 (M*); m/e = 366 (M*-H,0); m/e = 314 (M*-C4H¢O;
m/e =111 (C7H11O0"); m/e = 91 (CeH110™); m/e = 55 (C3H30™); m/e = 43 (C,H;0%).

IR: v =3483 cm™ (OH); v = 1757 ecm™! (C=0, lacton); v = 1708 cm™! (C=0); v
= 1200 cm™! (0-C=0); v=1011 cm™ (C-O).

Vidu?2
6B,7B;15p,16B-Dimetylen-3-oxo-170a-preg-4-en-21,17-carbolacton (IIIb):

Duya theo TTC2, 30 g (0,0769 mol) 170-(3-hydroxypropyl)-6B,78;15B,16pB-
dimetylen-androstan-3§,58,17p-triol dugc cho tham gia phéan tmg. Sau khi pha huy hét
lugng du tac nhan oxy hoa theo TTC2, hdn hgp phan ung dugc axit hoa bang dung

dich axit sulfuric 10% cho t6i khi dat dd pH = 1, roi khuéy hdn hop thu dugc trong
gian 30 phut & nhigt do 25°C. Sau khi xtt 1y d€ hoan tit theo TTC2, phan l4p duoc 21,5
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g 60,7P;15p,16B-dimetylen-3-oxo0-17a-pregn-4-en-21,17-carbolacton (0,059 mol) voi
hiéu suét 76,7% so vai Iy thuyét.

[a]p?? =-182° (¢ = 0,5; CHCLs); diém ndng chay = 201,3°C; UV (MeOH): &265 =
19.000; cac sb litu '"H-NMR quan trong nhit (CDCL): & = 0,40-0,67 (m; 1H,
xyclopropyl H); 1,01 (s; 3H; 18-H); 1,11 (s; 3H; 19-H); 6,04 (s; 1H; 4-H) (xem tai li¢u
D. Bittler, H. Hofmeister, H. Laurent, K. Nickisch, R. Nickolson, K. Petzoldt, R.
Wiechert; Angew. Chem. Int. Ed. Engl. 1982, 21, 696-697).

MS (EI, 70 eV) m/e = 366 (M"); m/e = 338 (M*-CO); m/e = 351 (M*-CH3); cac
manh cd y nghia: m/e = 111; m/e = 136; m/e = 199; m/e = 217; m/e = 242; m/e = 255;
m/e = 268; m/e = 293 [gidi thich cdc manh: xem tai licu W. Krause, G. Kuehne,

Steroids 1982, 40, 81-90].

Vidu3
6B,78;15B,16B-Dimetylen-3-oxo-17o-pregn-4-en-21,17-carbolacton (II1b)

Dua theo TTC3, 30 g (70,25 mmol) 6B,78;15B,16B-dimetylen-3-ox0-17a-
pregnan-5p-ol-21,17-carbolacton diclometan hemisolvat (diéu ché nhu néu trong Vi

du 1) duogc cho tham gia phan ng, thu dugc 24,30 g drospirenon (hi¢u suét 94,5%).
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YEU CAU BAO HO

1. Quy trinh san xuét cac hop chét 3-oxo-pregnan-21,17-carbolacton ¢6 cong thire IT:

trong do:

R’ 14 hydroxy;

R% [a hydro, hodc cung véi R tao thanh nhém -CHp;
R 13 hydro, hodc cung v6i R tao thanh nhém -CHp;
R’2 1a hydro, hodc clung véi R% tao thanh nhém -CHa;
R [a hydro, hodc cung véi R® tao thanh nhém -CHy;
R’ 13 hydro;

R!? 13 hydro, metyl hoic etyl;

R!! [ hydro;

R" 13 hydro, metyl hoic etyl;

R 13 hydro, hodc cung v6i R'®tao thanh nhém -CHa; va
R!¢ 13 hydro, hodc cung v6i RY tao thanh nhém -CHp;
bao gdm phén mg ctia cac hop chét c6 cong thuc I:

R130H
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trong do:

R’ 13 hydroxy;

R%2 1a hydro, ho#c cung v6i R tao thanh nhém -CHy;
R% 1a hydro, hodc cung véi R tao thanh nhém -CHp;
R 14 hydro, hodc cung véi R® tao thanh nhém -CHy;
R 1a hydro, hodc cuing véi R tao thanh nhém -CHp;
R’ 13 hydro;

R!? 1a hydro, metyl hoic etyl;

R!!' 14 hydro;

R" 1a hydro, metyl hoic etyl;

R 1a hydro, hodc cung véi R!® tao thanh nhém -CHa; va
R!® 1a hydro, hodc cing v6i R tao thanh nhém -CHa;

v6i it nhét ba duong lugng mol cia hypoclorit hitu co hodc vd co lam tdc nhan oxy
hoéa trong su c6 mit ctia lugng xuc tac clia dan xut 2,2,6,6-tetrametylpiperidin-1-oxyl
1a dan xuét bét ky dugc chon tir nhém bao gém 2,2,6,6-tetrametylpiperidin-1-oxyl, 4-
metoxy-2,2,6,6-tetrametylpiperidin-1-oxyl va 4-benzyloxy-2,2,6,6-tetrametylpiperidin-
1-oxyl, & do pH it nhét 1 8,0.

2. Quy trinh theo diém 1, trong d6 quy trinh nay dugc str dung dé san xudt cac hop

chit 3-oxo-17a-pregnan-21,17-carbolacton ¢6 cong thuc Ila:

trong do:

R® 1a hydro;
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R%® 13 hydro, hodc cung véi R tao thanh nhém -CHp;
R’ 13 hydro;
R 13 hydro, hodc cung véi R tao thanh nhém -CHy;
R’ 1a hydro;
R'? 13 hydro ho#ic metyl;
R 1a hydro;
RY 1a hydro, hodc cung v&i R'®tao thanh nhém -CHa; va
RS [a hydro hodc cung v4i R" tao thanh nhém -CHz;

trong quy trinh nay, cac hop chét c6 cong thirc Ia:

trong do:

R% 13 hydro;

R% 13 hydro, hoidc cling v&i R tao thanh nhém -CHy;
R 1a hydro;

R 1a hydro, hodc cung v&i R® tao thanh nhém -CHy;
R’ 1a hydro;

R!? 13 hydro ho#ic metyl;

R!!' 13 hydro;

R" 1a hydro, hodc cung véi R'® tao thanh nhém -CHa; va
R [a hydro, hodc cing véi R' tao thanh nhém -CHa;
dugc cho tham gia phan Ung.

3. Quy trinh theo diém 1, trong d6 quy trinh nay duoc sir dung dé san xuét hop chét co
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cong thire I1b:

@)

do d6, hop chét c6 cong thirc Ib:

OH
‘\\\‘\/\ OH

HO
OH

dugc stir dung 1am nguyén li¢u ban du.

4. Quy trinh san xuét cac hop chét 3-oxo-pregn-4-en-21,17-carbolacton ¢6 cong thic
II:

trong do:

R% 13 hydro, ho#c cuing véi R7? tao thanh nhém -CHy;
R 1a hydro, hodc cung véi R tao thanh nhom -CHy;
R’ 1a hydro, ho#c cung v&i R® tao thanh nhom -CHp;
R [a hydro, hodc cting véi R tao thanh nhém -CHa;
R’ 1a hydro;

R!'Y 1 hydro, metyl hoic etyl;
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R!!' 1a hydro;
R" 1a hydro, metyl hodc etyl;
RY 13 hydro, hodc cung véi R tao thanh nhom -CHy; va
R!® 14 hydro, hodc cing véi R'S tao thanh nhom -CHa;
bao gdm céc budc:

a) cho cac hop chét c6 cong thirc chung I:

trong do:

R 1a hydroxy; va

RS R6® R’ R R R!° R!, R, RS, R dugc xac dinh nhu trong cdng thirc 111,
phan {mg véi it nhit ba duong lugng mol cia hypoclorit hitu co hodc vo co lam téc
nhin oxy héa trong sy c6 mat cia luong xGc tic cha din xudt 2,2,6,6-
tetrametylpiperidin-1-oxyl 1a din xuit bt ky dwoc chon tir nhém bao gdm 2.2,6,6-
tetrametylpiperidin-1-oxyl, ~4-metoxy-2,2,6,6-tetrametylpiperidin-1-oxyl va 4-
benzyloxy-2,2,6,6-tetrametylpiperidin-1-oxyl, & d6 pH it nhét 1a 8,0, trong diclometan

hoic trong hdn hop hai pha diclometan-nuéc,

dé tao ra cac hop chét c6 cong thirc II:

trong do:
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R’ 1a hydroxy; va
RS2 R6® R7a8 R7 R R!9, R! RB, R R dugc xac dinh nhu cong thire 111,
b) phan 1ap céac hop chit ¢ cong thie II; va
¢) tiép theo, tién hanh loai nudc & d pH < 5, tuy ¥ c6 mit axit.

5. Quy trinh theo diém 4, trong d6 quy trinh nay duoc sir dung dé san xuét cac hop

chit 3-oxo-17a-pregn-4-en-21,17-carbolacton ¢6 cong thirc ITla:

llla

trong do:

R% 1a hydro;

R%® 1a hydro, hodc cung véi R tao thanh nhém -CHa;
R72 14 hydro;

R 1a hydro, hodc cung véi R tao thanh nhom -CHa;
R’ 12 hydro;

R!? 13 hydro ho#c metyl;

R!!'1a hydro;

R1 1a hydro, hodc cung véi R'¢ tao thanh nhom -CHy; va
R 1a hydro, hodc cung véi R tao thanh nhém -CHa;

trong quy trinh nay, cac hop chét c6 cong thirc Ia:
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trong do:

R%? 13 hydro;

R 13 hydro, ho#c cuing véi R tao thanh nhém -CHa;
R? 14 hydro;

R 1a hydro, ho#c ciing v6i R tao thanh nhém -CHp;
R? 1a hydro;

R 1a hydro hodc metyl;

R 1a hydro;

R" 1a hydro, ho#c ciing v6i R tao thanh nhém -CHy; va
R!¢ 1a hydro, hodc cuing v6i R" tao thanh nhém -CHa;
dugc cho tham gia phan ing.

6. Quy trinh theo diém 4, trong d6 quy trinh nay duogc sir dung dé san xut hop chét ¢6

cong thtrc ITIb:

0O

O

b

)

trong d6 hop chit ¢6 cong thirc Ib:
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dugc sir dung 1am nguyén liéu ban du.
7. Quy trinh san xuit hop chit diclometan hemisolvat c¢6 cOng thirc I'V:

0

1 1/2 CH,CI,

OH

bao gdm céc budc:

a) cho cac hop chét c6 cong thirc chung Ib:

OH
SN oH
HO OH
Ib

phan tmg véi it nhit ba dwong lwong mol cua hypoclorit hitu co hodc v6 co lam tac
nhdn oxy hod trong sy c¢6 mit cia luong xic tidc cia din xudt 2,2,6,6-
tetrametylpiperidin-1-oxyl 1a din xuét bat ky duoc chon tr nhém bao gf”)m 2,2,6,6-
tetrametylpiperidin-1-oxyl, ~ 4-metoxy-2,2,6,6-tetrametylpiperidin-1-oxyl va  4-
benzyloxy-2,2,6,6-tetrametylpiperidin-1-oxyl , & 46 pH it nhét 13 8,0, trong diclometan

hoc trong hdn hgp hai pha diclometan-nuée; va
b) phan 13p c4c hop chit c6 cong thuc IV.

8. Quy trinh theo diém bét ky trong sb cac didm tir 4 dén 7, trong d6 1 dén 5 mol% dan

Xuét 2,2,6,6-tetrametylpiperidin-1-oxyl dugc st dung.

-25-



20016
9. Quy trinh theo diém bét ky trong sb cac diém tir 4 dén 7, trong d6 1 dén 1,5 mol%
dan xuét 2,2,6,6-tetrametylpiperidin-1-oxyl dugc sir dung.
10. Quy trinh theo diém bét ky trong s cac diém tir 4 d¢én 7, trong d6 dan xuét 2,2,6,6-
tetrametylpiperidin-1-oxyl 1a 2,2,6,6-tetrametylpiperidin-1-oxyl.
11. Quy trinh theo diém bét ky trong sd cac diém 1, 4 hodc 7, trong d6 3 dén 6 dwong
lugng mol hypoclorit ctia kim loai kiém dugc st dung.
12. Quy trinh theo diém bat ky trong sb cac diém 1, 4 hodc 7, trong do 3 dén 4 duong
lugng mol natri hypoclorit dugc sir dung.
13. Quy trinh theo diém bt ky trong s céac diém 1, 4 hozic 7, trong d6 do pH cua dung
dich phan ttng nim trong khoang gitra 8,5 va 10,0.
14. Quy trinh theo diém bt ky trong s cac diém 1, 4 hoic 7, trong d6 do pH cta dung
dich phan ung dugc xéc lap bang kali bicacbonat.
15. Quy trinh theo diém bt ky trong sb cac diém 1, 4 hoic 7, trong d6 nhiét do tién
hanh phan ting nim trong khoang tir 0 dén 15°C.
16. Quy trinh theo diém bét ky trong s6 cac diém 1, 4 hoic 7, trong do sau khi phan
ng oxy héa hoan thanh, téc nhan khir dé pha huy lugng chét phan img hypoclorit du
dﬁqc b6 sung vao hén hop phén img.
17. Quy trinh theo diém 16, trong d6 tac nhan khit dugc bd sung clng véi viée bd sung -
bazo hodc dém bazo & do pH 16n hon 3.
18. Quy trinh theo diém bét ky trong sb cac diém 16 hodc 17, trong d6 dung dich nudc

hydrosulfit ctia kim loai kiém duoc st dung lam tac nhan khi.

19. Quy trinh theo diém bét ky trong sd cac diém 16 hoic 17, trong d6 dé 1am tac nhan

khtt, dung dich chira nuéc cia natri hydrosulfit hogc kali hydrosulfit dugc st dung.

20. Quy trinh theo diém 17, trong d6 natri phosphat dugc st dung 1am bazo hodc dém

bazo.

21. Hop chét 60,78;15B,16B-dimetylen-3-oxo-17a-pregnan-5p-0l-21,17-carbolacton-

diclometan hemisolvat.

22. Quy trinh san xuét drospirenon, bao gdm viéc cho 6B,7B;15B,16B3-dimetylen-3-

oxo-17a-pregnan-5p3-ol-21,17-carbolacton-diclometan hemisolvat phan tng véi axit.

23. Quy trinh theo diém 22, trong d6 axit 1 axit sulfuric, axit clohydric hodc axit para-

toluensulfonic.
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